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(54) STRESS RELIEF STRUCTURE

(57) A stress relief structure according to the present
invention comprises: a dummy interconnect positioned
below a cell stack; a connection module positioned below
the dummy interconnect; a stress distribution module en-
compassing the connection module below the dummy
interconnect; and a manifold positioned below the con-
nection module and the stress distribution module,
wherein the manifold forms a fluid path together with the

stress distribution module, the dummy interconnect and
the cell stack, the stress distribution module is fixed to
the manifold so as to have a pseudo bellows flow move-
ment on the manifold, and the connection module pro-
trudes vertically from the stress distribution module and
extends horizontally toward the stress distribution mod-
ule so as to couple the stress distribution module to the
dummy interconnect.
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Description

[Technical Field]

[0001] The present invention relates to a stress relief
structure located under a plurality of solid oxide fuel cells
(SOFCs) or a plurality of solid oxide electrolysis cells
(SOECs) .
[0002] The following national research and develop-
ment program has supported the present invention.

Project Unique Number 1415175457
Project Serial Number 20208520000210
Government Department Ministry of Trade, Industry
and Energy
Specialized Institution for Project Management Ko-
rea Institute of Energy Technology Evaluation and
Planning
Title of Research Business International Energy
Joint Research Program
Title of Project (Korea-Germany) Development of
core component technology for a 1kW reversible sol-
id oxide cell stack to enhance hydrogen productivity
and its utilization
Contribution Rate 1/1
Supervising Institute E & KOA CO.
Research Period 2021-06-01 to 2021-12-31

[Background Art]

[0003] Generally, as shown in FIG. 1, a cell stack ap-
paratus 80 includes a manifold 10, a connection module
30, a dummy interconnect 50, and a cell stack 70, which
are sequentially stacked. Here, each of the manifold 10
and the dummy interconnect 50 is made of stainless
steel. The connection module 30 includes a conductive
plate 23 and a current collector 26, which are sequentially
stacked, and a sealant 29 configured to enclose the con-
ductive plate 23 and the current collector 26.
[0004] The sealant 29 is made of a glass material and
encloses slits 5 of the manifold 10 and through-holes 45
of the dummy interconnect 50 between the manifold 10
and the dummy interconnect 50. The cell stack 70 in-
cludes a plurality of solid oxide fuel cells 65 or a plurality
of solid oxide electrolysis cells 65.
[0005] In addition, the manifold 10 and the dummy in-
terconnect 50 supply fuel gas and oxygen gas to the in-
dividual solid oxide fuel cells 65, or supply oxygen gas
and water vapor to the individual solid oxide electrolysis
cells 65, through the slits 5 and the through-holes 45.
The fuel gas and the oxygen gas or the oxygen gas and
the water vapor contact an anode and a cathode in the
individual solid oxide fuel cell 65 or individual solid oxide
electrolysis cell 65.
[0006] The anode, a solid electrolyte, and the cathode
use the fuel gas and the oxygen gas to generate elec-
tricity in the individual solid oxide fuel cell 65, and use
the oxygen gas and the water vapor to generate hydrogen

in the individual solid oxide electrolysis cell 65. In this
case, the manifold 10 and the dummy interconnect 50
have different heat capacities due to the thickness differ-
ence therebetween.
[0007] That is, referring to FIG. 1, the manifold 10 has
a larger heat capacity than the dummy interconnect 50.
Therefore, the sealant 29 is subjected to normal temper-
ature and high temperature (e.g., a predetermined tem-
perature between 500°C and 1,000°C) through repeated
operation of the cell stack apparatus 80, and accumu-
lates internal stress due to the difference in heat capacity
between the manifold 10 and the dummy interconnect 50.
[0008] Accumulation of the internal stress causes the
sealant 29 to crack, whereby the oxygen gas, the fuel
gas, or the water vapor leaks between the manifold 10
and the dummy interconnect 50 along arrows 90 in FIG. 2.

[Disclosure]

[Technical Problem]

[0009] The present invention has been made in view
of the above problems, and it is an object of the present
invention to provide a stress relief structure suitable for
preventing cracking of a sealant between a manifold and
a dummy interconnect under a cell stack of a cell stack
apparatus, the cell stack including a plurality of solid oxide
fuel cells or a plurality of solid oxide electrolysis cells,
despite repeated high temperature operation of the cell
stack apparatus.

[Technical Solution]

[0010] A stress relief structure according to the present
invention includes a dummy interconnect located under
a cell stack, a connection module located under the dum-
my interconnect, a stress distribution module located un-
der the dummy interconnect, the stress distribution mod-
ule being configured to enclose the connection module,
and a manifold located under the connection module and
the stress distribution module, wherein the manifold
forms a fluid path together with the stress distribution
module, the dummy interconnect, and the cell stack, the
stress distribution module is fixed to the manifold and
undergoes pseudo-bellows movement on the manifold,
and the connection module protrudes vertically from the
stress distribution module and extends horizontally to-
ward the stress distribution module to couple the stress
distribution module and the dummy interconnect to each
other.
[0011] The cell stack may include a plurality of solid
oxide fuel cells (SOFCs) or a plurality of solid oxide elec-
trolysis cells (SOECs), and each of the solid oxide fuel
cells or the solid oxide electrolysis cells may include a
fluid flow inducement separator, a solid electrolyte plate,
an anode plate, and a cathode plate.
[0012] The manifold may be formed in the shape of a
quadrangular box having first to fourth sidewalls, having
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four isolated regions defined in the manifold, and having
at least one slit located around each individual sidewall
of the manifold outside the manifold, and the slit may be
formed through the manifold so as to be located on the
fluid path while exposing each individual isolated region
to the outside of the manifold.
[0013] When the manifold is formed in the shape of a
quadrangular box having first to fourth sidewalls, the
stress distribution module may include a plurality of flow
fragments stacked in the same numbers as the first to
fourth sidewalls of the manifold, each of the flow frag-
ments being disposed around a corresponding one of
the individual sidewalls, when viewed from the individual
sidewalls of the manifold, the plurality of flow fragments
may be coupled to each other by laser welding to a braz-
ing filler located between two neighboring flow fragments
or by laser welding between the two neighboring flow
fragments, and when viewed from the individual side-
walls of the manifold, the lowermost flow fragment may
be fixed to the manifold by laser welding to a brazing filler
located between the lowermost flow fragment and the
manifold or by laser welding between the lowermost flow
fragment and the manifold.
[0014] When viewed from the individual sidewalls of
the manifold, the plurality of flow fragments may have a
plurality of recesses formed in a lower side of each indi-
vidual flow fragment of two neighboring flow fragments
between the lowermost flow fragment and the uppermost
flow fragment, a plurality of recesses formed in a lower
side of an upper one of two neighboring flow fragments
between the plurality of flow fragments, or a plurality of
recesses formed in a lower side of a lower one of two
neighboring flow fragments between the plurality of flow
fragments.
[0015] When the manifold is formed in the shape of a
quadrangular box having first to fourth sidewalls and hav-
ing at least one slit located around each individual side-
wall, the stress distribution module may include a plurality
of flow fragments stacked in the same numbers as the
first to fourth sidewalls of the manifold, each of the flow
fragments being disposed around a corresponding one
of the individual sidewalls, an inducement hole corre-
sponding to the slit of the manifold may be formed in a
central region of each individual flow fragment, and a
receiving space may be defined in a central region of the
manifold so as to be enclosed by the plurality of flow
fragments such that the connection module is inserted
into the receiving space.
[0016] The plurality of flow fragments may have a con-
nection dam formed around an inducement hole of the
lowermost flow fragment at a lower side of the lowermost
flow fragment facing the manifold and around induce-
ment holes of two neighboring flow fragments between
the two flow fragments, the connection dam may be
formed by laser welding to a brazing filler protruding from
each individual flow fragment and located at each indi-
vidual flow fragment or by laser welding applied to each
individual flow fragment, the connection dam may en-

close a plurality of inducement holes of each individual
flow fragment or encloses one or each of the plurality of
inducement holes, and when viewed from the slit of the
manifold, the connection dam may have different occu-
pied areas in two neighboring flow fragments of the plu-
rality of flow fragments, the connection dam being re-
peated with the two neighboring flow fragments of the
plurality of flow fragments as a unit.
[0017] The plurality of flow fragments may have a con-
nection dam formed around an inducement hole of the
lowermost flow fragment at the lower side of the lower-
most flow fragment facing the manifold and around in-
ducement holes of two neighboring flow fragments be-
tween the two flow fragments, the connection dam may
be formed by laser welding to a brazing filler protruding
from each individual flow fragment and located at each
individual flow fragment or by laser welding applied to
each individual flow fragment, the connection dam may
enclose a plurality of inducement holes of each individual
flow fragment or encloses one or each of the plurality of
inducement holes, and when viewed from the slit of the
manifold, the connection dam may have the same occu-
pied area in two neighboring flow fragments of the plu-
rality of flow fragments.
[0018] When viewed from the individual sidewalls of
the manifold, the plurality of flow fragments may have a
plurality of recesses formed in the lower side of each
individual flow fragment of two neighboring flow frag-
ments between the lowermost flow fragment and an up-
permost flow fragment, a plurality of recesses formed in
a lower side of an upper one of two neighboring flow
fragments between the plurality of flow fragments, or a
plurality of recesses formed in a lower side of a lower
one of two neighboring flow fragments between the plu-
rality of flow fragments.
[0019] When the stress distribution module includes a
plurality of flow fragments stacked in the same numbers
as the first to fourth sidewalls of the manifold formed in
the shape of a quadrangular box, each of the flow frag-
ments being disposed around a corresponding one of
the individual sidewalls, an inducement hole correspond-
ing to the slit of the manifold is formed in a central region
of each individual flow fragment, and a receiving space
is defined in a central region of the manifold so as to be
enclosed by the plurality of flow fragments such that the
connection module is inserted into the receiving space,
the connection module may include a conductive plate
and a current collector, the conductive plate and the cur-
rent collector being quadrangular in shape and being se-
quentially stacked, and a plurality of sealants configured
to enclose the current collector.
[0020] Each individual sealant may be formed on an
uppermost one of the plurality of flow fragments at each
individual sidewall of the manifold, may have the same
shape as the uppermost flow fragment, may enclose an
inducement hole of the uppermost flow fragment and the
receiving space of the stress distribution module, and
may have a guide hole corresponding to the inducement
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hole of each individual flow fragment.
[0021] The conductive plate and the current collector
may be inserted into the receiving space of the stress
distribution module, the current collector may protrude
from the receiving space of the stress distribution mod-
ule, and the current collector and each individual sealant
may be in contact with the dummy interconnect.
[0022] When the stress distribution module includes a
plurality of flow fragments stacked in the same numbers
as the first to fourth sidewalls of the manifold formed in
the shape of a quadrangular box, each of the flow frag-
ments being disposed around a corresponding one of
the individual sidewalls, an inducement hole correspond-
ing to the slit of the manifold is formed in a central region
of each individual flow fragment, and a receiving space
is defined in a central region of the manifold so as to be
enclosed by the plurality of flow fragments such that the
connection module is inserted into the receiving space,
and when the connection module includes a conductive
plate and a current collector sequentially stacked in the
receiving space of the stress distribution module and a
plurality of sealants configured to enclose the current col-
lector outside the receiving space of the stress distribu-
tion module, the dummy interconnect may be quadran-
gular in shape, may be located above the current collector
and the individual sealants, and may have a through-hole
located at an edge of the dummy interconnect so as to
correspond to a guide hole of each individual sealant.
[0023] The through-hole of the dummy interconnect
may correspond to an inducement hole of the uppermost
flow fragment and may be enclosed by the individual seal-
ants together with the inducement hole of the uppermost
flow fragment.
[0024] When the cell stack includes a plurality of solid
oxide fuel cells or a plurality of solid oxide electrolysis
cells, the dummy interconnect may have a plurality of
channels or trenches formed in a central region of the
dummy interconnect under the cell stack, the plurality of
channels or trenches being configured to allow oxygen
gas or water vapor to flow therethrough in one direction.

[Advantageous Effects]

[0025] A stress relief structure according to the present
invention includes

a manifold, a stress distribution module, and a dum-
my interconnect sequentially stacked under a cell
stack of a cell stack apparatus and a connection
module enclosed by the stress distribution module,
wherein
the stress distribution module is formed so as to have
a pseudo-bellows shape, whereby the stress distri-
bution module undergoes pseudo-bellows move-
ment during repeated high temperature operation of
the cell stack, and a plurality of sealants in the con-
nection module is attached to the stress distribution
module and the dummy interconnect, and therefore

it is possible to prevent cracking of each individual
sealant between the manifold and the dummy inter-
connect under the cell stack of the cell stack appa-
ratus, the cell stack including a plurality of solid oxide
fuel cells or a plurality of solid oxide electrolysis cells,
despite repeated high temperature operation of the
cell stack apparatus.

[Description of Drawings]

[0026]

FIG. 1 is an exploded view schematically showing a
conventional cell stack apparatus.
FIG. 2 is a perspective view showing a manifold, a
connection module, and a dummy interconnect in
the cell stack apparatus of FIG. 1.
FIG. 3 is a sectional view showing a stress relief
structure according to the present invention.
FIG. 4 is an exploded perspective view showing the
stress relief structure of FIG. 3.
FIG. 5 is a perspective view partially showing a stress
distribution module in the stress relief structure of
FIG. 4.
FIG. 6 is an exploded perspective view schematically
showing a connection dam provided at each individ-
ual one of a plurality of flow fragments in the stress
distribution module of FIG. 5.
FIG. 7 is an exploded perspective view showing a
modification of the connection dam provided at each
individual flow fragment of FIG. 6.
FIG. 8 is a sectional view of the stress relief structure
taken along line I-I’ of FIG. 4, showing the stress
distribution module in an enlarged state.

[Best Mode]

[0027] Now, preferred embodiments of the present in-
vention will be described in detail with reference to the
accompanying drawings such that the present invention
can be easily implemented by a person having ordinary
skill in the art to which the present invention pertains.
[0028] FIG. 3 is a sectional view showing a stress relief
structure according to the present invention, FIG. 4 is an
exploded perspective view showing the stress relief
structure of FIG. 3, and FIG. 5 is a perspective view par-
tially showing a stress distribution module in the stress
relief structure of FIG. 4.
[0029] In addition, FIG. 6 is an exploded perspective
view schematically showing a connection dam provided
at each individual one of a plurality of flow fragments in
the stress distribution module of FIG. 5, FIG. 7 is an ex-
ploded perspective view showing a modification of the
connection dam provided at each individual flow frag-
ment of FIG. 6, and FIG. 8 is a sectional view of the stress
relief structure taken along line I-I’ of FIG. 4, showing the
stress distribution module in an enlarged state.
[0030] Here, FIGs. 3 to 8 are described with reference
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to FIG. 1, and the same members as in FIG. 1 are denoted
by the same reference numerals.
[0031] Referring to FIGs. 3 to 8, the stress relief struc-
ture 130 according to the present invention includes a
dummy interconnect 50 located under a cell stack 70
(FIG. 1) of a cell stack apparatus 80 (FIG. 1), a connection
module 30 located under the dummy interconnect 50, a
stress distribution module 120 located under the dummy
interconnect 50, the stress distribution module being con-
figured to enclose the connection module 30, and a man-
ifold 10 located under the connection module 30 and the
stress distribution module 120, as shown in FIGs. 3 and 4.
[0032] Schematically, referring to FIGs. 3 and 4, the
manifold 10 forms a fluid path (not shown) together with
the stress distribution module 120, the dummy intercon-
nect 50, and the cell stack 70. Referring to FIGs. 3 to 6,
the stress distribution module 120 is fixed to the manifold
10 and undergoes pseudo-bellows movement on the
manifold 10. Referring to FIGs. 3 and 4, the connection
module 30 protrudes vertically from the stress distribution
module 120 and extends horizontally toward the stress
distribution module 120 to couple the stress distribution
module 120 and the dummy interconnect 50 to each oth-
er.
[0033] More specifically, the cell stack 70 includes a
plurality of solid oxide fuel cells (SOFCs) 65 (FIG. 1) or
a plurality of solid oxide electrolysis cells (SOECs) 65
(FIG. 1). Here, each of the solid oxide fuel cells or the
solid oxide electrolysis cells 65 includes a fluid flow in-
ducement separator, a solid electrolyte plate, an anode
plate, and a cathode plate although not shown in the fig-
ures.
[0034] Referring to FIG. 4, the manifold 10 is formed
in the shape of a quadrangular box having first to fourth
sidewalls, having four isolated regions (not shown) de-
fined in the manifold 10, and having at least one slit 5
located around each individual sidewall of the manifold
10 outside the manifold 10. Here, referring to FIG. 4, the
slit 5 is formed through the manifold 10 so as to be located
on the fluid path while exposing each individual isolated
region to the outside of the manifold 10.
[0035] When the manifold 10 is formed in the shape of
a quadrangular box having first to fourth sidewalls, as
shown in FIG. 4, the stress distribution module 120 in-
cludes a plurality of flow fragments 108 stacked in the
same numbers as the first to fourth sidewalls of the man-
ifold 10, each of the flow fragments being disposed
around a corresponding one of the individual sidewalls,
as shown in FIGs. 4 to 7. When viewed from the individual
sidewalls of the manifold 10, the plurality of flow frag-
ments 108 is coupled to each other by laser welding to
brazing fillers 112 and 114 or 116 and 118 located be-
tween two neighboring flow fragments 108 or by laser
welding between two neighboring flow fragments 108,
and when viewed from the individual sidewalls of the
manifold 10, the lowermost flow fragment 108 is fixed to
the manifold 10 by laser welding to brazing fillers 112
and 114 or 116 and 118 located between the lowermost

flow fragment 108 and the manifold 10 or by laser welding
between the lowermost flow fragment 108 and the man-
ifold 10.
[0036] Here, laser welding may be applied to the man-
ifold 10 or to the individual flow fragments 108 along the
traces of the brazing fillers 112 and 114 or 116 and 118.
Referring to FIGs. 6 to 8, when viewed from the individual
sidewalls of the manifold 10, the plurality of flow frag-
ments 108 may have a plurality of recesses 107 formed
in a lower side of each individual flow fragment 108 of
two neighboring flow fragments 108 between the lower-
most flow fragment 108 and the uppermost flow fragment
108, may have a plurality of recesses 107 formed in a
lower side of an upper flow fragment 108 of two neigh-
boring flow fragments 108 between the plurality of flow
fragments 108, or may have a plurality of recesses 107
formed in a lower side of a lower flow fragment 108 of
two neighboring flow fragments 108 between the plurality
of flow fragments 108.
[0037] Similarly, when the manifold 10 is formed in the
shape of a quadrangular box having first to fourth side-
walls and having at least one slit 5 located around each
individual sidewall, as shown in FIGs. 3 and 4, the stress
distribution module 120 includes a plurality of flow frag-
ments 108 stacked in the same numbers as the first to
fourth sidewalls of the manifold 10, each of the flow frag-
ments being disposed around a corresponding one of
the individual sidewalls, wherein an inducement hole 104
corresponding to the slit 5 of the manifold 10 is formed
in a central region of each individual flow fragment 108,
and a receiving space 102 is defined in a central region
of the manifold 10 so as to be enclosed by the plurality
of flow fragments 108 such that the connection module
30 is inserted into the receiving space, as shown in FIGs.
4 and 5.
[0038] Referring to FIGs. 6 or 7, the plurality of flow
fragments 108 has a connection dam formed around the
inducement hole 104 of the lowermost flow fragment 108
at the lower side of the lowermost flow fragment 108 fac-
ing the manifold 10 and around the inducement holes
104 of two neighboring flow fragments 108 between the
two flow fragments 108. Here, referring to FIG. 6 or 7,
the connection dam is formed by laser welding to brazing
fillers 112 and 114 or 116 and 118, which protrude from
each individual flow fragment 108 and are located at each
individual flow fragment 108, or by laser welding applied
to each individual flow fragment 108. The connection
dam encloses a plurality of inducement holes 104 of each
individual flow fragment 108, as shown in FIG. 6, or en-
closes one or each of the plurality of inducement holes
104, as shown in FIG. 7. When viewed from the slit 5 of
the manifold 10, the connection dam has different occu-
pied areas in two neighboring flow fragments 108 of the
plurality of flow fragments 108, the connection dam being
repeated with the two neighboring flow fragments 108 of
the plurality of flow fragments 108 as a unit.
[0039] As a modification, referring to FIGs. 6 or 7, the
plurality of flow fragments 108 may have a connection
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dam formed around the inducement hole 104 of the low-
ermost flow fragment 108 at the lower side of the lower-
most flow fragment 108 facing the manifold 10 and
around the inducement holes 104 of two neighboring flow
fragments 108 between the two flow fragments 108. Re-
ferring to FIG. 6 or 7, the connection dam is formed by
laser welding to brazing fillers 112 and 112, 114 and 114,
116 and 116, or 118 and 118, which protrude from each
individual flow fragment 108 and are located at each in-
dividual flow fragment 108, or by laser welding applied
to each individual flow fragment 108. The connection
dam encloses a plurality of inducement holes 104 of each
individual flow fragment 108, as shown in FIG. 6, or en-
closes one or each of the plurality of inducement holes
104, as shown in FIG. 7. When viewed from the slit 5 of
the manifold 10, the connection dam has the same oc-
cupied area in two neighboring flow fragments 108 of the
plurality of flow fragments 108.
[0040] Here, the connection dam may cause the plu-
rality of flow fragments 108 to correspond to a pseudo-
bellows shape on the manifold 10, whereby the plurality
of flow fragments 108 may slightly move from side to side
relative to the manifold 10. Referring to FIGs. 6 to 8, when
viewed from the individual sidewalls of the manifold 10,
the plurality of flow fragments 108 may have a plurality
of recesses 107 formed in a lower side of each individual
flow fragment 108 of two neighboring flow fragments 108
between the lowermost flow fragment 108 and the up-
permost flow fragment 108, may have a plurality of re-
cesses 107 formed in a lower side of an upper flow frag-
ment 108 of two neighboring flow fragments 108 between
the plurality of flow fragments 108, or may have a plurality
of recesses 107 formed in a lower side of a lower flow
fragment 108 of two neighboring flow fragments 108 be-
tween the plurality of flow fragments 108.
[0041] Here, the plurality of recesses 107 may repeat-
edly create plate thickness differences in the individual
flow fragments 108 during repeated high temperature op-
eration of the cell stack apparatus 80, thereby constrain-
ing vertical movement of the individual flow fragments
108. Consequently, the connection dam and the plurality
of recesses 107 may prevent cracking of a plurality of
sealants 29 (FIG. 4) between the uppermost flow frag-
ment 108 and the dummy interconnect 50 during repeat-
ed high temperature operation of the cell stack apparatus
80.
[0042] When the stress distribution module 120 in-
cludes a plurality of flow fragments 108 stacked in the
same numbers as the first to fourth sidewalls of the man-
ifold 10, which is formed in the shape of a quadrangular
box, each of the flow fragments being disposed around
a corresponding one of the individual sidewalls, wherein
an inducement hole 104 corresponding to the slit 5 of the
manifold 10 is formed in a central region of each individual
flow fragment 108, and a receiving space 102 is defined
in a central region of the manifold 10 so as to be enclosed
by the plurality of flow fragments 108 such that the con-
nection module 30 is inserted into the receiving space,

as shown in FIGs. 4 and 5, the connection module 30
includes a conductive plate 23 and a current collector 26,
each of which is quadrangular in shape and which are
sequentially stacked, and a plurality of sealants 29 con-
figured to enclose the current collector 26, as shown in
FIGs. 3, 4, and 8.
[0043] Here, referring to FIGs. 3, 4, and 8, each indi-
vidual sealant 29 is formed on the uppermost flow frag-
ment 108 of the plurality of flow fragments 108 at each
individual sidewall of the manifold 10, has the same
shape as the uppermost flow fragment 108, encloses the
inducement hole 104 of the uppermost flow fragment 108
and the receiving space 102 of the stress distribution
module 120, and has a guide hole 28 corresponding to
the inducement hole 104 of each individual flow fragment
108.
[0044] Referring to FIGs. 3 to 5 and 8, the conductive
plate 23 and the current collector 26 are inserted into the
receiving space 102 of the stress distribution module 120.
The current collector 26 protrudes from the receiving
space 102 of the stress distribution module 120. Refer-
ring to FIGs. 3 to 5, the current collector 26 and each
individual sealant 29 are in contact with the dummy in-
terconnect 50.
[0045] When the stress distribution module 120 in-
cludes a plurality of flow fragments 108 stacked in the
same numbers as the first to fourth sidewalls of the man-
ifold 10, which is formed in the shape of a quadrangular
box, each of the flow fragments being disposed around
a corresponding one of the individual sidewalls, wherein
an inducement hole 104 corresponding to the slit 5 of the
manifold 10 is formed in a central region of each individual
flow fragment 108, and a receiving space 102 is defined
in a central region of the manifold 10 so as to be enclosed
by the plurality of flow fragments 108 such that the con-
nection module 30 is inserted into the receiving space,
as shown in FIGs. 3 to 5, and when the connection mod-
ule 30 includes a conductive plate 23 and a current col-
lector 26, which are sequentially stacked in the receiving
space 102 of the stress distribution module 120, and a
plurality of sealants 29 configured to enclose the current
collector 26 outside the receiving space 102, as shown
in FIGs. 3, 4, and 8, the dummy interconnect 50 is quad-
rangular in shape, is located above the current collector
26 and the individual sealants 29, and has a through-
hole 45 located at an edge of the dummy interconnect
50 so as to correspond to the guide hole 28 of each in-
dividual sealant 29, as shown in FIGs. 3 and 4.
[0046] Referring to FIGs. 3 to 8, the through-hole 45
of the dummy interconnect 50 corresponds to the induce-
ment hole 104 of the uppermost flow fragment 108 and
is enclosed by the individual sealants 29 together with
the inducement hole 104 of the uppermost flow fragment
108.
[0047] When the cell stack 70 includes a plurality of
solid oxide fuel cells 65 or a plurality of solid oxide elec-
trolysis cells 65, as shown in FIG. 1, the dummy inter-
connect 50 has a plurality of channels or trenches 48
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formed in a central region of the dummy interconnect 50
under the cell stack 70 to allow oxygen gas or water vapor
to flow therethrough in one direction, as shown in FIGs.
1 and 4. Here, referring to FIGs. 4, 5, and 8, the plurality
of channels or trenches 48 is located on the fluid together
path with the slit 5 of the manifold 10, the inducement
hole 104 of each individual flow fragment 108, the guide
hole 28 of each individual sealant 29, and the through-
hole 45 of the dummy interconnect 50.

Claims

1. A stress relief structure comprising:

a dummy interconnect located under a cell
stack;
a connection module located under the dummy
interconnect;
a stress distribution module located under the
dummy interconnect, the stress distribution
module being configured to enclose the connec-
tion module; and
a manifold located under the connection module
and the stress distribution module, wherein
the manifold forms a fluid path together with the
stress distribution module, the dummy intercon-
nect, and the cell stack,
the stress distribution module is fixed to the man-
ifold and undergoes pseudo-bellows movement
on the manifold, and
the connection module protrudes vertically from
the stress distribution module and extends hor-
izontally toward the stress distribution module
to couple the stress distribution module and the
dummy interconnect to each other.

2. The stress relief structure according to claim 1,
wherein

the cell stack comprises a plurality of solid oxide
fuel cells (SOFCs) or a plurality of solid oxide
electrolysis cells (SOECs), and
each of the solid oxide fuel cells or the solid oxide
electrolysis cells comprises a fluid flow induce-
ment separator, a solid electrolyte plate, an an-
ode plate, and a cathode plate.

3. The stress relief structure according to claim 1,
wherein

the manifold is formed in the shape of a quad-
rangular box having first to fourth sidewalls, hav-
ing four isolated regions defined in the manifold,
and having at least one slit located around each
individual sidewall of the manifold outside the
manifold, and
the slit is formed through the manifold so as to

be located on the fluid path while exposing each
individual isolated region to an outside of the
manifold.

4. The stress relief structure according to claim 1,
wherein

when the manifold is formed in the shape of a
quadrangular box having first to fourth sidewalls,
the stress distribution module comprises a plu-
rality of flow fragments stacked in the same num-
bers as the first to fourth sidewalls of the mani-
fold, each of the flow fragments being disposed
around a corresponding one of the individual
sidewalls,
when viewed from the individual sidewalls of the
manifold, the plurality of flow fragments is cou-
pled to each other by laser welding to a brazing
filler located between two neighboring flow frag-
ments or by laser welding between the two
neighboring flow fragments, and
when viewed from the individual sidewalls of the
manifold, a lowermost flow fragment is fixed to
the manifold by laser welding to a brazing filler
located between the lowermost flow fragment
and the manifold or by laser welding between
the lowermost flow fragment and the manifold.

5. The stress relief structure according to claim 4,
wherein

when viewed from the individual sidewalls of the
manifold,
the plurality of flow fragments has:

a plurality of recesses formed in a lower side
of each individual flow fragment of two
neighboring flow fragments between the
lowermost flow fragment and an uppermost
flow fragment;
a plurality of recesses formed in a lower side
of an upper one of two neighboring flow frag-
ments between the plurality of flow frag-
ments; or
a plurality of recesses formed in a lower side
of a lower one of two neighboring flow frag-
ments between the plurality of flow frag-
ments.

6. The stress relief structure according to claim 1,
wherein

when the manifold is formed in the shape of a
quadrangular box having first to fourth sidewalls
and having at least one slit located around each
individual sidewall,
the stress distribution module comprises a plu-
rality of flow fragments stacked in the same num-
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bers as the first to fourth sidewalls of the mani-
fold, each of the flow fragments being disposed
around a corresponding one of the individual
sidewalls,
an inducement hole corresponding to the slit of
the manifold is formed in a central region of each
individual flow fragment, and
a receiving space is defined in a central region
of the manifold so as to be enclosed by the plu-
rality of flow fragments such that the connection
module is inserted into the receiving space.

7. The stress relief structure according to claim 6,
wherein

the plurality of flow fragments has a connection
dam formed around an inducement hole of a
lowermost flow fragment 108 at a lower side of
the lowermost flow fragment facing the manifold
and around inducement holes of two neighbor-
ing flow fragments between the two flow frag-
ments,
the connection dam is formed by laser welding
to a brazing filler protruding from each individual
flow fragment and located at each individual flow
fragment or by laser welding applied to each in-
dividual flow fragment,
the connection dam encloses a plurality of in-
ducement holes of each individual flow fragment
or encloses one or each of the plurality of in-
ducement holes, and
when viewed from the slit of the manifold, the
connection dam has different occupied areas in
two neighboring flow fragments of the plurality
of flow fragments, the connection dam being re-
peated with the two neighboring flow fragments
of the plurality of flow fragments as a unit.

8. The stress relief structure according to claim 6,
wherein

the plurality of flow fragments has a connection
dam formed around an inducement hole of a
lowermost flow fragment at a lower side of the
lowermost flow fragment facing the manifold and
around inducement holes of two neighboring
flow fragments between the two flow fragments,
the connection dam is formed by laser welding
to a brazing filler protruding from each individual
flow fragment and located at each individual flow
fragment or by laser welding applied to each in-
dividual flow fragment,
the connection dam encloses a plurality of in-
ducement holes of each individual flow fragment
or encloses one or each of the plurality of in-
ducement holes, and
when viewed from the slit of the manifold, the
connection dam has the same occupied area in

two neighboring flow fragments of the plurality
of flow fragments.

9. The stress relief structure according to claim 6,
wherein

when viewed from the individual sidewalls of the
manifold,
the plurality of flow fragments has:

a plurality of recesses formed in a lower side
of each individual flow fragment of two
neighboring flow fragments between the
lowermost flow fragment and an uppermost
flow fragment;
a plurality of recesses formed in a lower side
of an upper one of two neighboring flow frag-
ments between the plurality of flow frag-
ments; or
a plurality of recesses formed in a lower side
of a lower one of two neighboring flow frag-
ments between the plurality of flow frag-
ments.

10. The stress relief structure according to claim 1,
wherein

when the stress distribution module comprises
a plurality of flow fragments stacked in the same
numbers as the first to fourth sidewalls of the
manifold formed in the shape of a quadrangular
box, each of the flow fragments being disposed
around a corresponding one of the individual
sidewalls, an inducement hole corresponding to
the slit of the manifold is formed in a central re-
gion of each individual flow fragment, and a re-
ceiving space is defined in a central region of
the manifold so as to be enclosed by the plurality
of flow fragments such that the connection mod-
ule is inserted into the receiving space,
the connection module comprises a conductive
plate and a current collector, the conductive
plate and the current collector being quadran-
gular in shape and being sequentially stacked,
and a plurality of sealants configured to enclose
the current collector.

11. The stress relief structure according to claim 10,
wherein each individual sealant is formed on an up-
permost one of the plurality of flow fragments at each
individual sidewall of the manifold, has the same
shape as the uppermost flow fragment, encloses an
inducement hole of the uppermost flow fragment and
the receiving space of the stress distribution module,
and has a guide hole corresponding to the induce-
ment hole of each individual flow fragment.

12. The stress relief structure according to claim 10,
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wherein

the conductive plate and the current collector
are inserted into the receiving space of the
stress distribution module,
the current collector protrudes from the receiv-
ing space of the stress distribution module, and
the current collector and each individual sealant
are in contact with the dummy interconnect.

13. The stress relief structure according to claim 1,
wherein

when the stress distribution module comprises
a plurality of flow fragments stacked in the same
numbers as the first to fourth sidewalls of the
manifold formed in the shape of a quadrangular
box, each of the flow fragments being disposed
around a corresponding one of the individual
sidewalls, an inducement hole corresponding to
the slit of the manifold is formed in a central re-
gion of each individual flow fragment, and a re-
ceiving space is defined in a central region of
the manifold so as to be enclosed by the plurality
of flow fragments such that the connection mod-
ule is inserted into the receiving space, and
when the connection module comprises a con-
ductive plate and a current collector sequentially
stacked in the receiving space of the stress dis-
tribution module and a plurality of sealants con-
figured to enclose the current collector outside
the receiving space of the stress distribution
module,
the dummy interconnect is quadrangular in
shape, is located above the current collector and
the individual sealants, and has a through-hole
located at an edge of the dummy interconnect
so as to correspond to a guide hole of each in-
dividual sealant.

14. The stress relief structure according to claim 13,
wherein the through-hole of the dummy interconnect
corresponds to an inducement hole of an uppermost
flow fragment and is enclosed by the individual seal-
ants together with the inducement hole of the upper-
most flow fragment.

15. The stress relief structure according to claim 13,
wherein

when the cell stack comprises a plurality of solid
oxide fuel cells or a plurality of solid oxide elec-
trolysis cells,
the dummy interconnect has a plurality of chan-
nels or trenches formed in a central region of
the dummy interconnect under the cell stack,
the plurality of channels or trenches being con-
figured to allow oxygen gas or water vapor to

flow therethrough in one direction.
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